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(54) MATRIX WIRING SUBSTRATE AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To make remedy with static electricity for the matrix 
circuit board. 

CONSTITUTION: Guard rings 40, 41 connected to circuit wirings 
27 are formed to the outer peripheral part of the circuit wirings 27 
of the matrix circuit board 26 constituted by forming the circuit 
wirings 27 having source wirings 18, gate wirings 16 and switching 
elements 20 arranged a matrix form on a substrate 24. Start 
controllers 38 for applying voltages to the circuit wirings 27 are 
formed in the guard rings 40, 41. The sure switching on of the 
switching elements 20 in the circuit wirings 27 is possible by 
previously applying the adequate voltages to the circuit wirings 27 
by the start controllers 38. The electrification of pixel electrodes 
22 is thus prevented and the deterioration of the switching 
elements 20 is prevented even if static electricity is generated. 
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[What is claimed is] 

[Claim 1] A matrix wiring substrate comprising, formed on a 
substrate, circuit wirings that include source wirings and gate 
wirings arranged like a matrix, and switching elements formed 
at the portions where the source wirings intersect the gate 
wirings, wherein a guard ring is formed on the outer peripheral 
portions of said circuit wirings being connected to said 
circuit wirings, and an electromotive controller is formed on 
said guard ring to apply a voltage to the circuit wirings. 
[Claim 2] A matrix wiring substrate comprising, formed on a 
substrate, circuit wirings that include source wirings and gate 
wirings arranged like a matrix, and switching elements formed 
at the portions where the source wirings intersect the gate 
wirings, wherein a guard ring is formed on the outer peripheral 
portions of said circuit wirings being connected to said 
circuit wirings, an electromotive controller is formed on said 
guard ring to apply a voltage to the circuit wirings, and 
switching portions are interposed between the circuit wirings 
and the guard ring to control the conduction between said 
circuit wirings and said guard ring. 

[Claim 3] A matrix wiring substrate according to claim 2, 
wherein the switching portions are constituted by switching 
elements for switching the conduction/insulation between the 
circuit wirings and the guard ring, and electromotive elements 
for controlling said switching elements. 
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[Claim 4] A matrix wiring substrate according to claim 2, 
wherein the switching portions are constituted by variable 
resistor elements - 

[Claim 5] A matrix wiring substrate according to claim 2, 
wherein the switching portions are constituted by variable 
resistor circuits . 

[Claim 6] A method of producing a matrix wiring substrate 
comprising, formed on a substrate, circuit wirings that include 
source wirings and gate wirings arranged like a matrix, and 
switching elements formed at the portions where the source 
wirings intersect the gate wirings, by forming a guard ring 
on the outer peripheral portions of the circuit wirings so as 
to be connected to said circuit wirings, and forming an 
electromotive controller capable of producing an 
electromotive force on said guard ring, so that an electric 
current is supplied to the circuit wirings by said 
electromagnetic controller that is formed. 

[Claim 7] A method of producing a matrix wiring substrate 
comprising, formed on a substrate, circuit wirings that include 
source wirings and gate wirings arranged like a matrix, and 
switching elements formed at the portions where the source 
wirings intersect the gate wirings, by forming a guard ring 
on the outer peripheral portions of the circuit wirings so as 
to be connected to said circuit wirings, forming an 
electromotive controller capable of producing an 
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electromotive force on said guard ring, forming switching 
portions between said circuit wirings and said guard ring, and 
acting an external field on said switching portions that are 
formed to render said circuit wirings and the guard ring 
conductive so that an electric current is supplied to the 
circuit wirings by said electromotive controller that is formed, 
and, as required, shielding the switching portions from the 
external field to insulate the circuit wirings and the guard 
ring . 

[Detailed Description of the Invention] 
[0001] 

[Field of Utilization in Industry] This invention relates to 
a matrix wiring substrate having circuit wirings formed like 
a matrix, and to a method of producing the same . In particular, 
the invention takes an electrostatic countermeasure at the time 
of production . 

[0002] 

[Prior Art] In recent years, attention has been given 
particularly to the development of flat displays among visual 
equipment. Mong them, a liquid crystal display has many 
advantages, and urgent development has been desired as a 
display system of the main stream in the future. Among them, 
from the height of display quality, it is expected that a liquid 
crystal display of the active matrix system using a-SiTFTs 
(amorphous silicon thin-film transistors) will become the main 
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stream. At present, devices of relatively small sizes have 
already been put into practical use. 

[0003] The liquid crystal display of the active matrix system 
is produced by preparing, first, a matrix wiring substrate of 
circuit wirings having pixel electrodes, gate wirings and 
source wirings provided on the pixel electrodes, and thin- 
film transistors (TFTs) which work as switching elements like 
a matrix on a glass substrate which is an insulating material, 
assembling them, pouring liquid crystals, and connecting a 
drive circuit . 

[0004] Here, in producing the matrix wiring substrate, static 
electricity easily generates among the electrodes. When the 
static electricity generates, the insulation of TFTs and 
semiconductor are destroyed due to the electric discharge, or 
the circuit wirings are damaged due to the generation of heat, 
and the yield of the wiring substrate is greatly deteriorated. 
In particular, a-SiTFT is very susceptible to static 
electricity. 

[0005] So far, therefore, there has been employed a production 
method while effecting the countermeasure against the static 
electricity by forming a guard ring 12 as shown in Fig. 4. A 
matrix wiring substrate 10 shown in Fig. 4 has a circuit wiring 

27 including a number of source wirings 18, 18, for flowing 

data signals and a number of gate wirings 16, 16, for flowing 

scanning signals, that are arranged like a matrix on a glass 
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substrate 24, and further has pixel electrodes 22, 22, 
formed between the source wirings 18 and the gate wirings 16, 
the pixel electrodes 22 being connected to the source wirings 
18 and to the gate wirings 16 via switching elements (thin-film 

transistors: TFTs) 20, 20, formed at the portions where 

the source wirings 18 intersect the gate wirings 16. Reference 
numeral 12 shown in Fig. 4 denotes the guard ring formed on 
the outer side of a pixel area 14 and is connected to circuit 
wirings 27 in the pixel area 14, i.e., connected to the source 
wirings 18 and to the gate wirings 16. 

[0006] By forming the guard ring 12, the source wirings 18 
are short-circuited to the gate wirings 16 through the guard 
ring 12, and no potential difference occurs among the 
neighboring electrodes even when the static electricity is 
generated. 

[0007] After the matrix wiring substrate 10 has been produced, 
the outer peripheral portions of the pixel area 14 are cut off 
together with the glass substrate 24 by using a cutting tool 
such as a diamond cutter to remove the guard ring 12 by cutting. 
The thus produced wiring substrate is then put to the subsequent 
steps such as a step of assembling, a step of connecting drive 
circuit, and the like steps. 
[0008] 

[Problems to be Solved by the Invention] When the 
countermeasure against the static electricity is taken relying 
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upon the above method, however, the potential is equalized 
among the source wirings 18 and the gate wirings 16, but it 
is not certain if the switching elements 20 can be turned on. 
When the pixel electrodes 22 are electrically charged, 
therefore, a voltage develops between the gate wirings 16 and 
the pixel electrodes 22, and between the source wirings 18 and 
the pixel electrodes 22, causing the TFTs to be deteriorated. 
When the TFTs are of the n-channel and, particularly, when the 
pixel electrodes 22 are positively charged relative to the 
source wirings 18 and the gate wirings 16, the TFTs are turned 
off, and the electric charge of the pixel electrodes 22 is held 
(when the pixel electrodes 22 are negatively charged relative 
to the source wirings 18 and the gate wirings 16, the TFTs are 
turned on and the charge of the pixel electrodes may be 
released) . Therefore, the potential of the pixel electrodes 
22 continues to rise until the TFTs are broken down; i.e., the 
TFTs are deteriorated. 

[0009] This invention was accomplished in order to solve the 
above assignment, and provides a matrix wiring substrate which 
is capable of taking a countermeasure against the static 
electricity to a sufficient degree even for the electric charge 
of the pixel electrodes in the circuit wirings. 
[0010] 

[Means for Solving the Problems] A matrix wiring substrate 
according to the invention comprises, formed on a substrate, 
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circuit wirings that include source wirings and gate wirings 
arranged like a matrix, and switching elements formed at the 
portions where the source wirings intersect the gate wirings, 
wherein a guard ring is formed on the outer peripheral portions 
of said circuit wirings being connected to said circuit wirings, 
and an electromotive controller is formed on said guard ring 
to apply a voltage to the circuit wirings. 

[0011] A matrix wiring substrate described in claim 2 
comprises, formed on a substrate, circuit wirings that include 
source wirings and gate wirings arranged like a matrix, and 
switching elements formed at the portions where the source 
wirings intersect the gate wirings, wherein a guard ring is 
formed on the outer peripheral portions of said circuit wirings 
being connected to said circuit wirings, an electromotive 
controller is formed on said guard ring to apply a voltage to 
the circuit wirings, switching portions are interposed between 
the circuit wirings and the guard ring to control the conduction 
between said circuit wirings and said guard ring. 
[0012] A matrix wiring substrate described in claim 3 is 
concerned with a matrix wiring substrate described in claim 
2, wherein the switching portions are constituted by switching 
elements for switching the conduction/insulation between the 
circuit wirings and the guard ring, and electromotive elements 
for controlling said switching elements. 

[0013] A matrix wiring substrate described in claim 4 is 
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concerned with a matrix wiring substrate described in claim 
2, wherein the switching portions are constituted by variable 
resistor elements . 

[0014] A matrix wiring substrate described in claim 5 is 
concerned with a matrix wiring substrate described in claim 
2, wherein the switching portions are constituted by variable 
resistor circuits . 

[0015] A method of producing a matrix wiring substrate 
described in claim 6 is the one for producing a matrix wiring 
substrate comprising, formed on a substrate, circuit wirings 
that include source wirings and gate wirings arranged like a 
matrix, and switching elements formed at the portions where 
the source wirings intersect the gate wirings, by forming a 
guard ring on the outer peripheral portions of the circuit 
wirings so as to be connected to said circuit wirings, and 
forming an electromotive controller capable of producing an 
electromotive force on said guard ring, so that an electric 
current is supplied to the circuit wirings by said 
electromagnetic controller that is formed. 

[0016] A method of producing a matrix wiring substrate 
described in claim 7 comprising, formed on a substrate, circuit 
wirings that include source wirings and gate wirings arranged 
like a matrix, and switching elements formed at the portions 
where the source wirings intersect the gate wirings, (1) by 
forming a guard ring on the outer peripheral portions of the 
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circuit wirings so as to be connected to said circuit wirings, 
(2) forming an electromotive controller capable of producing 
an electromotive force on said guard ring, (3) forming witching 
portions between said circuit wirings and said guard ring, and 
(4) acting an external field on said switching portions that 
are formed to render said circuit wirings and the guard ring 
conductive so that an electric current is supplied to the 
circuit wirings by said electromotive controller that is formed, 
and, as required, shielding the switching portions from the 
external field to insulate the circuit wirings and the guard 
ring . 

[0017] In this invention, the switching elements which are 
in a conducting state are referred to as in a switch-on state 
and switching elements which are in an insulating state are 
referred to in a switch-off state. 
[0018] 

[Mode of Operation] In the matrix wiring substrate of the 
invention, a guard ring is formed on the outer peripheral 
portions of the circuit wirings, and an electromotive 
controller having an electromotive force is formed on the guard 
ring. By forming the guard ring that is conductive to the 
circuit wirings, the wirings are short-circuited by the guard 
ring. Even if static electricity generates in the circuit 
wirings, therefore, there occurs no potential difference, and 
the electric discharge due to the static electricity can be 
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decreased, 

[0019] Due to the electromotive controller, further, a 
suitable voltage can be positively applied to the circuit 
wirings, making it possible to decrease the switch-on 
resistance of the switching elements formed in the circuit 
wirings and, hence, to reliably put the switching elements in 
the switch-on state. Therefore, the pixel electrodes are 
reliably prevented from being electrically charged, and the 
switching elements are prevented from being deteriorated. 
[0020] With the switching portion being formed between the 
circuit wirings and the guard ring to control the conduction 
thereof, further, the conduction/insulation between the 
circuit wirings and the guard ring can be easily switched. 
Upon insulating the circuit wirings and the guard ring by the 
switching portions, further, the circuit wirings are provided 
with the same effect as that of when the guard ring is removed. 
Even after having been insulated, the circuit wirings and the 
guard ring can be rendered conductive again, and there is no 
need of removing the guard ring by cutting. 

[0021] Therefore, the circuit wirings can be checked and the 
drive circuit can be connected without removing the guard ring 
by cutting. Therefore, checking of the circuit wirings which 
could not be done unless the guard ring is removed from the 
wiring substrate, can now be carried out at any time, as 
required, and in any number of times. That is, at the time 



10 



of checking, the guard ring and the circuit wirings are 
insulated at the switching portion so that they can be checked. 
After the checking, the guard ring and the circuit wirings can 
be rendered conductive. Even after the checking, therefore, 
the guard ring and the circuit wirings can be rendered 
conductive at any time when the countermeasure against the 
static electricity is necessary to cope with the static 
electricity. 
[0022] 

[Embodiments] The invention will now be described by way of 
embodiments to which only, however, the invention is in no way 
limited. 
[0023] 

[Embodiment 1] A matrix wiring substrate of an embodiment 1 
will now be described with reference to Fig. 1. In a matrix 
wiring substrate 26 shown in Fig. 1, circuit wirings 27 in the 
pixel area 14 are the known ones used for the liquid crystal 
display panel of the active matrix system, and include many 

source wirings 18, 18, for flowing data signals and many 

gate wirings 16, 16, for flowing scanning signals, that 

are formed like a matrix on a glass substrate 24. Pixel 

electrodes 22 , 22 , are formed among these many source 

wirings 18 and gate wirings 16. The pixel electrodes 22 are 
connected to the source wirings 18 and to the gate wirings 16 
via switching elements (thin-film transistors: TFTs) 20, 20, 
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formed at the portions where the source wirings 18 intersect 

the gate wirings 16. 

[0024] In the wiring substrate of the active matrix liquid 
crystal display, there have been known wiring structures, pixel 
electrode structures and switching elements of a variety of 
structures. The invention, however, can be applied to any kind 
of structures provided they use a matrix wiring substrate . The 
invention, therefore, does not specify any particular 
structure of the active matrix liquid crystal display in the 
pixel area 14. 

[0025] In the matrix wiring substrate 26 of this embodiment, 
a first guard ring 40 and a second guard ring 41 are formed 
on the outer peripheral portions of the pixel area 14. The 
first guard ring 40 and the second guard ring 41 are formed 
of an electric conductor, The guard rings 40 and 41 are 
connected to the circuit wirings 27 in the pixel area 14, i.e., 
the first guard ring 40 is connected to the source wirings 18 
and the second guard ring 41 is connected to the gate wirings 
16. 

[0026] Further, the first guard ring 40 and the second guard 
ring 41 are connected together via an electromotive controller 
38. The electromotive controller 38. may be any one provided 
it generates a voltage for placing the switching elements 20 
in the switch-on state, and may, for example, be a solar cell 
that produces an electromotive force upon being irradiated with 



12 



light. The solar cells used as the electromotive controller 
38 use a-Si equivalent to TFTs, which can be produced by a 
contact that forms homo- junction (n + -a-Si/i-a-Si , n + -a- 
Si/i-a-Si/P + -a-Si, etc.), hetero- junction or Schottky barrier . 
As required, the solar cells can be connected in series to 
obtain a sufficient electromotive force. 

[0027] As the electromotive controller 38, there can be used, 
in addition to the solar cell, the ones that produce an 
electromotive force in response to various kinds of external 
fields, such as the one that produces an electromotive force 
by the electromagnetic induction by using a coil, the one that 
produces an electromotive force by the Hall effect, or the one 
that produces a thermoelectromotive force. Even without 
relying upon the external field, the electromotive controller 
38 may be an element or a circuit that is capable of holding 
a voltage necessary for placing the switching elements 20 in 
the switch-on state (e.g., generally 2 V or higher in the case 
of the n-channel TFT) for several tens of minutes to several 
hours. For example, there can be used a latch circuit used 
for the static RAM, etc. As the electromotive controller 38, 
further, there can be used a capacitor having a large capacity 
with little leakage. Further, the capacitor may be combined 
with an amplifier to increase the apparent capacity by 
utilizing the mirror effect. In this case, the capacity 
increases by the number of times of amplification of the 



13 



amplifier . 

[0028] The circuit wirings 27 and the guard rings 40, 41 of 
the matrix wiring substrate 2 6 are formed by depositing an 
electric conductor such as Ta, Mo, Al or Cu on the glass 
substrate 24 by sputtering or electron beam method, and forming 
a desired pattern by a photolithography method. 
[0029] In the matrix wiring substrate 26 of this embodiment, 
the circuit wirings 27 and the guard rings 40, 41 are conductive, 
and the source wirings 18 and the gate wirings 16 are 
short-circuited. Therefore, no potential difference due to 
static electricity occurs among them, and the potential is 
equalized. Accordingly, no electric discharge occurs, the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, the circuit wirings 27 are not damaged by the heat 
of electric discharge, and the yield of the wiring substrate 
is greatly improved. 

[0030] When the countermeasure against the static electricity 
is required, in particular , the electromotive force is produced 
by the electromotive controller 38 (when, for example, a solar 
cell is used as the electromotive controller 38, the solar cell 
is irradiated with light to produce the electromotive force) . 
As the voltage is applied to the source wirings 18 and to the 
gate wirings 16 from the electromotive controller 38, the 
switching elements 20 are placed in the switch-on state. 
Accordingly, even in case a static electricity generates, the 
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pixel electrodes are not electrically charged, and the 
switching elements 20 are not deteriorated by the generation 
of static electricity. In the matrix wiring substrate 26 of 
this embodiment in which the electromotive controller 38 is 
formed, in particular, the voltage is positively applied to 
the switching elements 20. Therefore, the switch-on 
resistance of the TFTs which are the switching elements 20 can 
be decreased, and the switching elements 20 can be reliably 
placed in the switch-on state. 

[0031] When no countermeasure is required against the static 
electricity, the electromotive force of the electromotive 
controller 38 is decreased to decrease the voltage between the 
source wirings 18 and the gate wirings 16, i.e., to decrease 
the gate-source voltage of the TFTs which are the switching 
elements 20 thereby to minimize the shift in the threshold 
voltage of the TFTs. 

[0032] Though this embodiment has exemplified a liquid 
crystal display of the active matrix type using the TFTs, it 
should be noted that the invention is in no way limited thereto 
only but can further be applied to various matrix wiring 
substrates, such as a liquid crystal display of the active 
matrix type using MIM, a liquid crystal display of a simple 
matrix type, various flat displays (ELs) and various sensor 
arrays (image sensor array, pressure sensor array, etc.) . 

[0033] 
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[Embodiment 2] The matrix wiring substrate of an embodiment 
2 will now be described with reference to Fig. 2. The matrix 
wiring substrate 36 shown in Fig. 2 is different from the matrix 
wiring substrate 26 of the embodiment 1 with respect to that 
switching portions 32, 32 are formed between the circuit 
wirings 27 and the guard rings 40, 41. The switching portions 
32 are constituted by switching elements 30 and an 
electromotive element 28. The switching elements 30 may be 
those having a function for changing over the conduction and 
insulation between the circuit wirings 27 and the guard rings 
40, 41. In the matrix wiring substrate 36 shown in Fig. 2, 
the switching elements 30 are constituted by thin-film 
transistors (TFTs) . 

[0034] The electromotive elements 28 are for switching the 
conduction/insulation of the switching elements 30, and are 
solar cells in the matrix wiring substrate 36 shown in Fig. 
2. Upon being irradiated with light, therefore, the 
electromotive elements 28 which are solar cells produce an 
electromotive force, whereby the switching elements 30 are 
placed in the switch-on state, and the circuit wirings 27 and 
the guard rings 4 0, 41 are rendered conductive . When the 
electromotive elements 28 are no longer irradiated with light, 
the switching elements 30 are placed in the switch-off state, 
and the circuit wirings 27 and the guard rings 40, 41 are 
insulated. The solar cells used as the electromotive elements 
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28 use a-Si equivalent to TFTs, which can be produced by a 
contact that forms homo- junction (n + -a-Si/i-a-Si , n + -a- 
Si/i-a-Si/P + -a-Si, etc.), hetero- junction or Schottky barrier . 
As required, the solar cells can be connected in series to 
obtain a sufficient electromotive force. 

[0035] The electromotive elements 28 may be any ones that 
control the switching elements 30. In addition to the solar 
cells, the electromotive elements 28 may be any ones that are 
capable of controlling the switching elements 30 by producing 
the electromotive force by the application of an external field, 
such as the ones that control the switching elements 30 by 
producing an electromotive force by electromagnetic induction 
by using, for example, a coil, the ones that control the 
switching elements 30 by producing an electromotive force by 
Hall effect, or the ones that control the switching elements 
30 by utilizing the thermoelectromotive force. Further, the 
electromotive elements 28 may be elements or circuits capable 
of arbitrarily setting a voltage (e.g., Von > 2 V, Voff < 1 
V) necessary for switching (turning on or off) the switching 
elements 30 and for holding the voltage for several tens of 
minutes to several hours. For example, there can be used latch 
circuits used for the static RAM, etc. As the electromotive 
elements 28, further, there can be used capacitors having a 
large capacity with little leakage. In this case, when the 
circuit wirings 27 and the guard rings 40, 41 are to be insulated, 
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the capacitors may be completely discharged. When the circuit 
wirings 27 and the guard rings 40, 41 are to be rendered 
conductive by placing the switching elements 30 in the 
switch-on state, the capacitors may be electrically charged. 
Further, the capacitors may be combined with an amplifier to 
increase the apparent capacity by utilizing the mirror effect . 
In this case, the capacity increases by the number of times 
of amplification of the amplifier. 

[0036] The circuit wirings 27 and the guard rings 40, 41 of 
the matrix wiring substrate 36 are formed by depositing an 
electric conductor such as Ta, Mo, Al or Cu on the glass 
substrate 24 by sputtering or electron beam method, and forming 
a desired pattern by a photolithography method. 
[0037] In producing the matrix wiring substrate 36 of this 
embodiment (until the drive circuit is connected to the circuit 
wirings 27), when the external field is acted upon the 
electromotive elements 28 so as to produce an electromotive 
force, i.e., when the solar cells are used as the electromotive 
elements 28, the solar cells are irradiated with light to 
produce an electromotive force, whereby the switching elements 
30 are placed in the switch-on state so that the circuit wirings 
27 and the guard rings 40, 41 are rendered conductive. With 
the circuit wirings 27 and the guard rings 40, 41 being rendered 
conductive, the source wirings 18 and the gate wirings 16 are 
short-circuited, and no potential difference due to static 
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electricity occurs therebetween, i.e.,, the potential is 
equalized. Accordingly, no electric discharge occurs, the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, the circuit wirings 27 are not damaged by the heat 
of electric discharge, and the yield of the wiring substrate 
is greatly improved. 

[0038] Further, the electromotive force is produced by the 
electromotive controller 38 (when, for example, a solar cell 
is used as the electromotive controller 38, the solar cell is 
irradiated with light to produce the electromotive force) while 
the circuit wirings 27 and the guard rings 40, 41 are rendered 
conductive, and a voltage is applied to the source wirings 18 
and to the gate wirings 16 from the electromotive controller 
38 to place the switching elements 20 in the switch-on state. 
Accordingly, even in case a static electricity generates, the 
pixel electrodes are not electrically charged, and the 
switching elements 20 are not deteriorated by the generation 
of static electricity. In the matrix wiring substrate 36 of 
this embodiment in which the electromotive controller 38 is 
formed, in particular, the voltage is positively applied to 
the switching elements 20. Therefore, the switching elements 
20 can be reliably placed in the switch-on state. 
[0039] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit, the solar cells which are the electromotive 
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elements 28 are shielded (the solar cells are shielded with 
a cover or are stuck with a tape) so that the electromotive 
force will not be generated; i.e., the electromotive force is 
lowered to be smaller than a threshold value of TFTs of the 
switching elements 30. Thus, the switching elements 30 are 
placed in the switch-off state, and the circuit wirings 27 and 
the guard rings 40, 41 are insulated. With the circuit wirings 
27 and the guard rings 40, 41 being insulated, the circuit 
wirings 27 are driven by the drive circuit only. 
[0040] In the matrix wiring substrate 36 of the embodiment 
2, therefore, there is no need of removing the guard rings 40, 
41 from the circuit wirings by cutting. Therefore, the guard 
rings 40, 41 are maintained connected from the production of 
the circuit wirings 27 until the drive circuit is connected, 
and the countermeasure against the static electricity is 
maintained until the drive circuit is connected that needs the 
countermeasure against the static electricity. Further, 
since the guard rings 40, 41 are not removed by cutting, this 
embodiment does not receive damage due to the static 
electricity which so far has occurred much between the 
substrate and the cutting tool at the time of cutting. 
Accordingly, the yield is greatly improved as compared to the 
prior art. 

[0041] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard rings 40, 41 and the circuit 



20 



wirings 27, the circuit wirings 27 and the guard rings 40, 41 
can be rendered conductive again after having checked the 
circuit wirings 27 for their short circuit by insulating the 
circuit wirings 27 and the guard rings 40, 41. Therefore, the 
circuit wirings 27 can be checked at any time, i.e., the circuit 
wirings 27 can be checked at an early time. Accordingly, 
defects in the circuit wirings 27 can be found at an early time, 
thereby greatly suppressing the loss of production. 
[0042] It is further allowable to connect in series the gate 

electrodes of the switching elements 30, 30, constituted 

by a plurality of thin-film transistors, and to form an 
electromotive element between the gate electrodes that are thus 
connected in series and the guard ring 40. By forming only 
one electromotive element, it is made easier and more reliable 
to act the external field upon the electromotive element. 
[0043] The electromotive force of the electromotive element 
28 is lowered to insulate the circuit wirings 27 and the guard 
rings 40, 41. At the time of checking or driving the circuit 
wirings 27, a voltage is applied to the first guard ring 40 
and to the second guard ring 41 from an external unit based 
on a range of voltages applied to the source wirings 18 and 
to the gate wirings 16, thereby to reliably improve the 
insulation of the TFTs 30. That is, when the TFTs which are 
the switching elements 30 are of the n-channel type, the solar 
cells 28 are shielded from light and, besides, a voltage of 
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a value more negative than the most negative voltage applied 
to the circuit wirings 27 , is applied to the guard rings 40, 
41, so that the circuit wirings 27 and the guard rings 40, 41 
are reliably insulated by the TFTs 30. At this moment, a 
voltage is further applied to the gate electrodes of the TFTs 
30 to further enhance the insulation. 
[0044] 

[Embodiment 3] In the matrix wiring substrate according of 
the above embodiment 2, variable resistor elements can be 
utilized as the switching portions 32. The variable resistor 
elements may be those that vary their electric resistance 
depending upon the external field. There can be used, for 
example, photoconducting elements that vary their resistance 
depending upon light, thermistors that vary their resistance 
depending upon the temperature, piezo-electric resistor 
elements or distortion gauges that vary their resistance 
depending upon the pressure, and Hall elements that vary their 
resistance depending upon the magnetic field. 

[0045] As for a range in which the resistance of the variable 
resistor elements varies, there is no problem in generally 
expressing the resistance provided the upper limit (high 

resistance side) is Rv > 10 5 f2. Depending upon the ability of 
the drive circuit, however, a good result is often obtained 
even when the resistance is smaller than the above value. The 
lower limit (low resistance side) may be Rv < 10 3 £2. The rate 
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for removing electricity increases as the value becomes small, 
which is desirable. 

[0046] In order to render the circuit wirings 27 and the guard 
rings 40, 41 conductive in this matrix wiring substrate of the 
embodiment 3, the resistance of the variable resistor elements 
serving as switching portions 32 may be decreased. That is, 
when a photoconducting elements are used as the variable 
resistor elements of the switching portions 32, the 
photoconducting elements are irradiated with light to decrease 
their resistance thereby to render the circuit wirings 27 and 
the guard rings 40, 41 conductive. With the circuit wirings 
27 and the guard rings 40, 41 being rendered conductive, the 
source wirings 18 and the gate wirings 16 are short-circuited, 
and no potential difference due to static electricity occurs 
therebetween. Accordingly, no electric discharge occurs, the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, the circuit wirings 27 are not damaged by the heat 
of electric discharge, and the yield of the wiring substrate 
is greatly improved. 

[0047] Further, the electromotive force is produced by the 
electromotive controller (when, for example, a solar cell is 
used as the electromotive controller, the solar cell is 
irradiated with light to produce the electromotive force) while 
the circuit wirings 27 and the guard rings 40, 41 are rendered 
conductive, and a voltage is applied to the source wirings and 
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to the gate wirings from the electromotive controller to place 
the switching elements 20 in the switch-on state . Accordingly, 
even in case a static electricity generates, the pixel 
electrodes are not electrically charged, and the switching 
elements 20 are not deteriorated by the generation of static 
electricity. In the matrix wiring substrate of this 
embodiment in which the electromotive controller is formed, 
in particular, the voltage is positively applied to the 
switching elements 20. Therefore, the switching elements 20 
can be reliably placed in the switch-on state. 
[0048] When there is no need of taking a countermeasure 
against the static electricity as a result of connecting the 
drive circuit, the photoconducting elements which are the 
switching portions may be shielded (the photoconducting 
elements are shielded with a cover or stuck with a tape) to 
increase the resistance and, hence, to insulate the circuit 
wirings 27 and the guard rings 40, 41 . With the circuit wirings 
27 and the guard rings 40, 41 being insulated, the circuit 
wirings 27 are driven by the drive circuit only. Even in this 
matrix wiring substrate, therefore, there is no need of 
removing the guard rings 40, 41 from the circuit wirings by 
cutting. Therefore, the guard rings 40, 41 are maintained 
connected from the production of the circuit wirings 27 until 
the drive circuit is connected, and the countermeasure against 
the static electricity is maintained until the drive circuit 
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is connected that needs the countermeasure against the static 
electricity- Accordingly, the yield is greatly improved as 
compared to the prior art, 

[0049] Further, since it is allowed to arbitrarily repeat the 
conduction/ insulation of the guard rings 40, 41 and the circuit 
wirings 27, the circuit wirings 27 and the guard rings 40, 41 
can be rendered conductive again by permitting an external 
field to act upon the variable resistor elements to decrease 
the resistance of the variable resistor elements after having 
checked the circuit wirings 27 by insulating the circuit 
wirings 27 and the guard rings 40, 41. Therefore, the circuit 
wirings 27 can be checked at any time, i.e., the circuit wirings 
27 can be checked at an early time. Accordingly, defects in 
the circuit wirings 27 can be found at an early time, thereby 
greatly suppressing the loss of production. 

[0050] 

[Embodiment 4] In the matrix wiring substrate of the 
embodiment 3, there can be applied a variable resistor circuit 
42 shown in Fig. 3 in place of the variable resistor element. 
[0051] In Fig. 3, 

Ro: predetermined resistance of a resistor 44, 
Rv; resistance of a variable resistor element (as the 
variable resistor element, there can be used various variable 
resistor elements used in the embodiment 3) 46 which varies 
from RL to RH (Ro = RL, Ro « RH) depending upon the external 
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field, 

Tr: transistor (Ron « Ro, Roff > RH » Ro, where Ron 
is a resistance of the transistor in the switch-on state, Roff 
is a resistance of the transistor in the switch-off state) , 

VR: potential of the guard rig, 

Vx: potential at a contact point of Ro and Rv and is a 
potential of the transistor Tr, 

Vs: potential of the circuit wirings. 
[0052] To take a countermeasure against the static 
electricity, i.e., to render the circuit wirings 27 and the 
guard rings 40, 41 conductive in the matrix wiring substrate 
of the embodiment 4, the resistance of the variable resistor 
circuit 42 as a whole may be lowered to decrease the difference 
between Vs and VR. In this case, the resistance RV of the 
variable resistor element 46 is set to be RV = RL = Ro relying 
upon the external field. Then, there is obtained Vx = (VR + 
Vs)/2. When Vs is negatively charged relative to VR due to 
the static electricity, Vs assumes the source potential 
provided Tr is an n-channel FET (field-effect transistor) , and 
the gate-source voltage Vgs of the transistor Tr becomes Vgs 
= Vx - Vs = (VR - Vs)/2. 

When Vgs = (VR - Vs)/2 > Vth relative to the threshold 
voltage Vth (several volts) of the transistor Tr, then, the 
transistor Tr is placed in the switch-on state, and the 
resistance R between the guard rings 40, 41 and the circuit 
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wirings 27 becomes, 

R = (2Ro • Ron)/(2Ro + Ron) = (2Ro • Ron) /2Ro 
(V Ron « Ro) = Ron 

Accordingly, the resistance R of the variable resistor 
circuit 42 as a whole greatly drops, and the rate of removing 
electricity can be greatly increased. 

[0053] Similarly, when the transistor Tr is an n-channel FET 
and Vs is positively charged relative to VR, then, VR becomes 
a source potential and Vgs of the transistor Tr becomes, 
Vg S = Vx - VR = (Vs - VR) /2 

When Vgs = (Vs - VR) /2 > Vth relative to Vth, the 
transistor Tr is placed in the switch-on state and R = Ron holds . 
Accordingly, the resistance R of the variable resistor circuit 
42 as a whole greatly drops, and the rate of removing 
electricity can be greatly increased. 

[0054] Even when the transistor Tr is of the p-channel type, 
quite the same effect can be obtained by regarding the source 
potential denoted by a sign of charged potential Vs relative 
to VR to be opposite to that of the case of the n-channel. 
[0055] To insulate the circuit wirings 27 and the guard rings 
40, 41 at the time of checking the circuit wirings 27 or driving 
the circuit wirings 27, the resistance R of the variable 
resistor circuit 42 as a whole may be increased. For this 
purpose, first, the resistance Rv of the variable resistor 
element 4 6 is set to be Rv = RH » Ro relying upon the external 
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field. Then, Vx = VR holds since Rv » Ro . If the range of 
potential applied to the circuit wiring 27 is expressed as VsL 
< Vs < VsH to check or drive the circuit wirings 27 , then, the 
transistor Tr can be reliably maintained in the switch-off 
state by setting VR as described below with respect to Vs. 

1) VR < VsL when the transistor Tr is an n-channel FET, and 

2) VR > VsH when the transistor Tr is a p-channel FET . 
[0056] When the transistor Tr is placed in the switch-off 
state, the resistance R between the circuit wirings 27 and the 
guard rings 4 0, 41 becomes R = RH + Ro = RH. 

A good result is obtained when the resistance R is not 
usually smaller than 10 5 Q though it may vary depending upon 
the ability of the drive circuit. 

[0057] In order to render the circuit wirings 27 and the guard 
rings 40, 41 conductive in the matrix wiring substrate of the 
embodiment 4, therefore, the resistance of the variable 
resistance circuit 42 may be decreased. With the circuit 
wirings 27 and the guard rings 40, 41 being rendered conductive, 
the source wirings and the gate wirings are short-circuited, 
and no potential difference due to static electricity occurs 
therebetween. Accordingly, no electric discharge occurs, the 
insulator of the pixel TFTs and the semiconductor are not 
destroyed, damage to the circuit wirings 27 due to the heat 
of electric discharge can be decreased, and the yield of the 
wiring substrate is greatly improved. 
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[0058] Further, the electromotive force is produced by the 
electromotive controller (when, for example, a solar cell is 
used as the electromotive controller, the solar cell is 
irradiated with light to produce the electromotive force) while 
the circuit wirings 27 and the guard rings 40, 41 are rendered 
conductive, and a voltage is applied to the source wirings and 
to the gate wirings from the electromotive controller to place 
the switching elements 20 in the switch-on state. Accordingly, 
even in case a static electricity generates, the pixel 
electrodes are not electrically charged, and the switching 
elements 20 are not deteriorated by the generation of static 
electricity. In the matrix wiring substrate of this 
embodiment in which the electromotive controller is formed, 
in particular, the voltage is positively applied to the 
switching elements 20. Therefore, the switching elements 20 
can be reliably placed in the switch-on state. 
[0059] When there is no need of taking a count ermeasure 
against the static electricity as a result of connecting the 
drive circuit to the drive circuit connection terminals, the 
resistance of the variable resistance circuit 42 may be 
increased to insulate the circuit wirings 27 and the guard rings 
40, 41. With the circuit wirings 27 and the guard rings 40, 
41 being insulated, the circuit wirings 27 are driven by the 
drive circuit only. Even in the matrix wiring substrate of 
this embodiment 4, therefore, there is no need of removing the 
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guard rings 40, 41 from the circuit wirings by cutting. 
Therefore, the guard rings 40, 41 are maintained connected from 
the production of the circuit wirings 27 until the drive circuit 
is connected, and the countermeasure against the static 
electricity is maintained until the drive circuit is connected 
that needs the countermeasure against the static electricity. 
Accordingly, the yield is greatly improved as compared to the 
prior art, 

[0060] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard rings 40, 41 and the circuit 
wirings 27, the circuit wirings 27 and the guard rings 40, 41 
can be rendered conductive again by permitting an external 
field to act upon the variable resistor element 46 to decrease 
the resistance of the variable resistance circuit 42 after 
having checked the circuit wirings 27 by insulating the circuit 
wirings 27 and the guard rings 40, 41. Therefore, the circuit 
wirings 27 can be checked at anytime, i.e., the circuit wirings 
27 can be checked at an early time. Accordingly, defects in 
the circuit wirings 27 can be found at an early time, thereby 
greatly suppressing the loss of production. 
[0061] 

[Advantage of the Invention] The matrix wiring substrate of 
the invention comprises, formed on a substrate, circuit wirings 
that include source wirings and gate wirings arranged like a 
matrix, switching elements formed at the portions where the 
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source wirings intersect the gate wirings, a guard ring 
connected to the circuit wirings, and an electromotive 
controller formed on the guard ring to apply a voltage to the 
circuit wirings. When a countermeasure against the static 
electricity is necessary, a voltage can be applied to the 
circuit wirings from the electromotive controller. Upon 
rendering the circuit wirings and the guard ring to be 
conductive, the wirings are short-circuited in the circuit 
wirings. Therefore, no potential difference due to static 
electricity occurs among them; i.e., the potential is equalized . 
Accordingly, no electric discharge occurs, the insulator of 
the pixel TFTs and the semiconductor are not destroyed, damage 
to the circuit wirings due to the heat of electric discharge 
can be decreased, and the yield of the wiring substrate is 
greatly improved. In particular, by applying a suitable 
voltage to the circuit wirings from the electromotive 
controller, the switching elements are reliably placed in the 
switch-on state. Even if static electricity generates, 
therefore, the pixel electrodes are prevented from being 
electrically charged, and the switching elements are prevented 
from being deteriorated, offering a sufficient countermeasure 
against the static electricity. 

[0062] With the switching portions being formed to control 
the conduction/insulation between the circuit wirings and the 
guard rings, further, it is allowed to switch the conduction 
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and insulation between the circuit wirings and the guard rings . 
When there is no need of taking a countermeasure against the 
static electricity as a result of connecting the drive circuit, 
the circuit wirings and the guard rings are insulated by the 
switching portions. Upon insulating the circuit wirings and 
the guard rings, the circuit wirings are driven by the drive 
circuit only. Accordingly, there is no need of removing the 
guard rings from the circuit wirings by cutting. Therefore, 
the guard rings are maintained connected from the production 
of the circuit wirings until the drive circuit is connected, 
and the countermeasure against the static electricity is 
maintained until the drive circuit is connected that needs the 
countermeasure against the static electricity. 
[0063] Further, since the guard rings are not removed by 
cutting, the present invention does not receive damage due to 
the static electricity which so far has occurred much between 
the substrate and the cutting tool at the time of cutting. 
Accordingly, the yield is greatly improved as compared to the 
prior art. 

[0064] Further, since it is allowed to arbitrarily repeat the 
conduction/insulation of the guard rings and the circuit 
wirings, the circuit wirings and the guard rings can be rendered 
conductive again after having checked the circuit wirings by 
insulating the circuit wirings and the guard rings . Therefore, 
the circuit wirings can be checked at any time, i.e., the 
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circuit wirings can be checked at an early time. Accordingly, 
defects in the circuit wirings can be found at an early time, 
thereby greatly suppressing the loss of production. 



In Fig. 3: 

1 - CIRCUIT WIRING SIDE 

2 - RV VARIES FROM RL TO RH 
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[0 0 3 0] «ffc, »««3S«^B*«nTV^S^U: 

& 0 ) . gtt^y h 3 8 ^?,y-XEIS i 8M 

fc#*fifc0I<9V b V ^XE*£g« 2 6 tC^Tt*. Mil 
X-f^y^S?2 0OT FT^7fV^ygfi 

**<*<tsc ^tcx^y^yyigf 2 o 

ki\ hD-73 8T«EtM/J^< U y— 

^•z/^fm^z o<dt f Toy— h/y— xramffi^/jN? 

< U iTF TOL^Wfimj±<Dv';7 h^rS/hPStcHi^ 

[0 0 3 2] ^ *»JWTFT^ffll^7^f^ 

by ^X^^el^xyW, ^ay^yhrVx 
yW (ELS) §t-b>t7^ 

y^7W. mti^yv-ru^m) ^sivh^x 

[0 0 3 3] @|jS0j2] ^Sfie02^hU^XE»S 

SSS 3 6 Tb^SSM lOVbU* XE&SStS 2 6 t 
S^tix 0KEIH2 7 K U 4 0 , 4 1 tow 

fcSBfSP3 2, 3 2^/&L/cC£lC££ 0 g»rffl5 3 2 
(iMx^^f y^I?3 0 i:gt^2 8£^£*/£ 

^nn^o Mx^7fy^i?3 cm, mi%£tt2 

XESS«3 6tc#5^Tte, g^>yfy^3 0 
liWKh^i'X* (TFT) T»dc$tiTV^ 0 
[0 0 3 4] gtif2 8(iMX^^fy^I?3 0 

y ^xe«s«3 6tci3^Tti. tMte^iffl^nt 
se-pT. *is»t'S3Et?s?2 zxcm-mM 



(5) «rBB¥6-2 7 4 9 0 

3 o^^f y 

27t^-KU>y40, 4 1 fctfWjittffifc&So £ 
7 f y ^ If 3 o ^ x ^ 7 f y ^ w 1 7 «1 1 4 ^ ®£§ 

E»2 7 K'J V^4 0, 4 1 tomitVMZtl 

%o mmm^z sicmmTzxmmmiz. t f Ttmm 

£a-S i^ffiJBU ^v^V^ a > (n + -a-S 

1 / i-a-S K n + -a-S i / i-a-S i/P + -a-S 

Mt§ n y ^ ^ § c t ^t^, i&BlcjS 

[0 0 3 5] ^Ii?2 8l±S»fX>f y^vy*?3 0 

g^fx^ -;fy^i? 3 o *fflmir% t> 

?C £ o TgfA^4 C 2 ^TMXY >y fy^«f 3 0 

8£LTfci\ JgffX-r^y^yy^3 0^ -yfy^ 
mi (*yxti^7) fc^S^&oic&g&mffi (Mx. 
&\ Vdh^2V, Voff^lV) SrffiftlcH^Tt?, J f 

re jg«at^2 8 ttT , j-^m<si©^3 

30 yfv^*afflt5<:i:feT*tSo c^S^ 0SSEI^ 

2 7w-Kyy^4o, a i t%mmz'&T$5<mz 
>f7fy?if3 o^x-r^y^yy^^m^^bTiuss 

E»2 7t??-K'jy^4 0, 4 l 

[0 0 3 6] lOVFU ^XESStS3 60[HlSSSa^2 
40 7 4D*t>*#"-KU y?4 0, 4 Hi, f7XSl2 4_h 
tc. »lfttS5Ta, Mo. AK CulW^y^ 

[0 0 3 7] h y ^XE»Sfi 3 6 IC^5V^ 

Tti, SiiBt (EIHE»2 7tcB«ilH!B&3&jg«"r5J£) 
tct±, e«*F2 8tC^«^{tffl^^Tia»*f 2 8t 

5^? y*v««B^Lri3BE*S2 7^^f-Kyvy40, 4 



-5- 



9 

0, 4 1 t%mm-Z&T$5<Ct~T:\ V-JXJEJS 1 St 

[0 0 3 8] d<Dm&E»2 7 KU^y 

40, 4 l^HIlTt^^ 3 8 

f^SILiea^^U^^So ) , gfnyhn-738 

a^v-xaaai 8Rcfy-Ma«i 6\zmj±tfmw$ 

nyha-738 L/c#^fiS0J<D^ hV2 XiE» 
S«3 6lc:j5^TU\ iIWiCX^7f>^2 otc 

[0 0 3 9] Sfc. IgttlHlK^SIKb. »*^*f^^Sfi 
Ltgf^^giX^^fV^3 0©TF TCOL^ 

^7fy^7ttl^u i§ikkj&2 7 Kuvy 

4 0,41 i:«r«5jS^^ti«a«/\ 7 
KUV^40, 4 1 ^^JBSB^tlSCi:^ [UgSI^2 

[o o 4 oj tfcoT. ^ffi#j2<ovhu^xHES6St53 
Vjmffc%?&i8gtf%:\<\ cfcoT. ®KK*a2 7 4>S!3g 

^e»s»iB*SKts*T^-Kyy^4 o, 4i 

T^So S-K'jy^4 0, 4 1 5:«]Srl»£L 

5 o 

[00 4 1 ] S/c, f-F'jyy4 0, 4 1 £08862*6 

T% UKiBSl2 7 t*-KU>^4 0, 4 1^« 
U HJ&g@aS2 7^'>3-h^x^^^«*«:fT«:o 
fcfgtc. |ftfIU8SiBSft2 7 KU V^^^^il^-^ 

fcfT*"5<lfc^"e*. ^ffitc43»5lHlKiB«l2 7©«3S 



(6) #Bfl5p6-2 7 4 9 0 

[0 0 4 2] i*U 1ffi»©WMh^V^X*fr6S:S8HBf 

x^7fy^3o, 30, ■•■(D^-hm&^n 

if 4 atomic i ^©gf if c 1 1> e 0 

i otc^s c tx\ mnm^icnmttimz 
& s c t <om% tt*5 <t tfstint # fRj±-r s o 

70 [0 0 4 3] ^ gll^2 8<9£M^fgT2-£0S8 
2 7 £ K V y^ 4 0 , 4 1 £ «r«5*SU IhIB&E 
»2 7^«S«FSfcliffilftB#lt: s V-XEJ&l S&tfy 

^1 ^KU>y4 0&t>^2;tf~-KU V^4 1 teffiJE 
fcBtfnrr 5 CtX\ T F T 3 o <Dtfm&*V^fo\ft±*£ 
t5Ct^t*tSo IP-S, gBfX^y^V^*^ 3 0C0 

c^cteT, [ei£gS2S2 7icfflira<*ns*EE©S ! £>M 

(OWBEJc^tft^fii^llJE**— FU >^4 0, 4 Uc 

20 aiio-rsc t-cai^T ft 3 oic^riiiKiag^ 7 
^-Fyy^Mo, 4 1 Mi^n^o ckdik, 

[0044] easw 3 ] ±ia^ss^j 2 t^b/cv h u 

[0 0 4 5] ^SK^^giafS^^iBH^LT. 

±PS GSfiiafflJ) t^rv^ 1 o 5 a^n^-»a/fs^ 

So TPS (fgfiinfSffl) t±Rv^l 0 3 QTm^<^ 

x%%rcim^mx&%mmnmmtf±^<*v&% 

[0 0 4 6] C OUSSM 3 tOV h U ^ Xga^StgtC^oV^ 
^0 0&K«2 7 fctf-FU V^4 0, 4 1 

^S^Cti. StVf8P 3 2^ LT©RT£ffiK*?«SJfi** 
$<-rtlfrf<fcl^o HP^. ^33 3 2C0RT^gJrL^ : ?^ b 

&m%tL, *^fi*iffi«:^< UT[Elg§IES2 7 
F'jy^4 0, 4 1 ^^:»jl^ J ii'T4o<o 0K1ESI2 7 
i:^-Hyy^4 0, 4 l i:«r#ffl5^r*3< c^T% 

<^s 0 ^oT, sta^e c^-r. h^tftojbs 
50 #*¥m#ww&zti-tt*). mmic&z>m&z&<ox® 
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mmmm 1 1 t <d & m x> # **a £ fa±t s 0 

[00 4 7] ^^tC, C£>[§IBSE»2 7 £ K U 
4 0, 4 1 ^^ilLTt^Bf^ gtnyhP-^t' 

^cl/c*^ssp^v h u ^xisissffitc^^Tti:. mm 

[0 0 4 8] Sfc, BKll5lfg£S«EU »«**tflt*ffli 

KSES2 7 ^«-KU^4 0, 4 1 ^^»S^nS<: 

Tfc, FU >^4 0,41 *IiI»iE»l^6«JBf^£ 
t^^^^o <l;oT, ®KKia2 7©BBgH#fr£JB 

[0 0 4 9] S/t, *-Kyv{?4 0, 4 14: hisses 
T\ [HS§E$§2 7 ttf-FV 0, 4l£«*6S!i 

U IUKBas82 7 t/f-FU v^fc«r»ffl*^Sci:^ 
•C^So f#^T, IHIKEJ8 2 7<0«S«r^o-efcfT* , 5 

[00 5 0] [HSSCT4] *ffl^j3^by*XB»S 

^SK[ugS4 2*a«-rs<ii:^*So 

[0 0 5 1 ] B3fc::te^T x 
Ro : mriA 4©-S©gRi 

Rv : jrM§fc:J;t> RL— RH (Ro=RL Ro« R H) $T 

ffffrspisasi*? cc«o«rafflSBR^n:a*ase!i3 



(7) ^mW- 6- 2 7 4 9 0 

Tr : F^^X^ ({MU Ron«Ro. R 0 ff^RH>>R 

VR : j}— Kyy^offfi 

Vx: Ro£ R vtOMOlffiT'S D lo h 7 V ^ X ? T r 

vs : mmmcomii 

[0052] mmmAw f v ^xse^ss^^^t. 
io mnfmrnxm? w% mmnm 2 7 1 *r- f u 

4.0, 4 1 «:«KI"r£fc:fcJ\ p*gfiKli]Bg4 2 4*fcl 
T ©fiKffii&W T Vs£ VRcdM^'J^ < "T J; I ^ 

RV£: RV=RL=Ro£*T£o Vx = (VR+V 

s) /2 £&& 0 ^mM^cfcoTVs^VRtC^fLTft 
icmnvtzm, Tr^nfty^VFET (Field Ef fee 
t Transistor : mW$jHI h^V^X^) T&ftfcf. Vs 
tfy-^lfi^45, F^V^X^Trcoy- FV-X 
WEEVgsfc*. 
20 Vgs= Vx- Vs 

% (VR-Vs) /2 £&£o 

F^V^X^TrcDb^l/MimffVth (SV) tc^fLT 

Vgs*)^ Vgs= (VR-Vs) /2^Vth F 

^V^X^TrtiX^^^^^vmi^^D. Pff — K 

'Jy^MO, 4 1 ^IUBSESft2 7©ffitDjg*iRfci\ 

R = (2Ro Ron) / (2Ro+Ron) 

= (2Ro Ron) /2Ro (\Ron«Ro) 

= Ron 

[0 0 5 3] F^y^X^Tr^n^V^l/ 
fc*. VR^y-Xttfu^&tU F^V>>X*Tr<Z>Vgs 

Vgs= Vx— VR 

= (Vs-VR) /2 4:^:^o 

VthtC*fLTVgs^ Vgs= (Vs-VR)"/2^Vth 

[00 5 4] ^ F^>^X^Tr^p^-W^;l/© 

[0 0 5 5] ®mm&2 7©«fiSfc«IUBE«2 7 CO 
ffi»B#T\ 0SSES2 7 t^-FUV^4 0, 4 14:^: 
RTaSR|ilB4 2©±*i:LT©astffl[ 

50 TnrSfiJt* : F4 6^g*xfflRv«:Rv=RH»Ro 
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%>o *t%>£, Rv>>Ro X*$>Z>fr£>, Vx=VR t& 
2 7 ^EpAP'TSeffi^lBHJ&VsLiVsi VsH £ LT 

® h 7 y^/X ^ T n f t V^wV F E T ^1^, VR< 
VsL 

j?)h7V^X*Tr^p^V*;l/FETfi[)^ VR> 
VsH jo 
[0 0 5 6] h^^zsXZTrtfX^ y^^sf*7(D 

0£giaa2 7 ku o, 4 1 ^^r^^ofi 

R = RH+ Ro 
= RH £&S 0 

c ^fiKfB R ajffii6|niKcoSi^7 fc: *> <fc £ t>\ — |RW£ i 
o 5 o w±t?*n^a»"e* So 

[0 0 5 7] f^T, dtogase!l4©vby^xBB3»a 
tKtC^l^T. 0BSESa2 7 t^T—K U>^4 0, 4 1 £ 

tea. RT^Sia(Hlf§ 4 2 ©g*v&/h£ <t 20 
*ufj;<, IhI£SIS*S2 7 >gr — fu v^4 o t 

mmz&x%><c£x\ y-xmrntY-hmmttfrn 

i^<toT [hJKSE^ 2 7 tflWIT 5 C £ ^rffiM^ L #> 5 

cttfx*%^ m%mM£^x<D±£mv&j:mcfa±~? 

[0 0 5 8] CO)mmmU2 7 FU Z/{? 

40, 4 1 tt?mmi>x^z>mic, etnyhD-^T so 
mmffi&mmisX^z&zi^ m±mmmic^mmi, 

StycX^ 'vfy^if 2 Otcmi±^7JDbT(^£<DT:\ 40 
[0 0 5 9] Sfc. ^(alBSSffi^^KKllalES^Stt 

u »a»*rai^ss-ri&s^<&o^iRfc«. piss 

K[hI»4 2^fiKM^rtiA0^^TlHlS§iBlg2 7^^- F 

u >^4 o, 4i ^ffiit^mm^o ®$&mwi2 7 
t^-Kyy^4o, 4i^^se^nsci:T\ mes 

So foL C^SS#|4cQv FU ^X@ei£Sffi&c*5^ 
T fe. Fyy^4 0, 4 1 «riHi«aB«^e«»fi»* .50 



W6-2 7 4 9 0 

WiiHi»*»R'rss-e/f-Ku>'^ r 4 o, 4i*8ai 

[0 0 6 0] ifc, ij-F'jy^4 0, 4 1 £[Hjg§gSS 
2 7 £^Sffl/^^ffiiUc|ijg*rc ^3bWfigT*ScO 
T% HWSHE»2 7 FU>y4 0, 4 1 W 

U \3V&ffl£L2 7 <Dtk&*ft%:<orzm^ fftfRTSfifii 
*?4 6»C*W*ffffl^^TRraEfiStI5lB4 2<DjgJr[f« 
^fill, IsIKBB»2 7 fc^r-KUv^4 0, 4 1 
il^c^m^o fct, IUKBB» 2 7 
^WW^Ht^t, ■¥SBfc43frtSEIKia»2 

[0 06 1] 

IsJ88iE*Sti:«jE^9i*D*r SE»n v b a— ^ himtiSCZ 

nx%:2>&<DX\ mnfffimwt&st-znx^&mc 
y^y«itt5ct^m »a«*^*bfc^b 

Tfe. H*SffiO»«^B5<*C^^T^, X^7fy^ 

[0062] ^/c. skes^-fli >?<Dmm/m 
m*fflw?zmm^fimffiztix%:&*><Di^ mesEti 
t # - f u >^ £ *s»ii £ temzwrnz- sc^OTts 

tt««nScl^^ IUKiaiBti:JK»lHlBS*cj;oT<0*^ 

®m<Dmum£x&nm.Mm%mftumr&<i £&x*% 
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[0 0 6 3] ^-F^^»£Ut^ 

[0 0 6 4] Sfc. KU V^£0BIEIt£<9»a/ 
*-Fyv^i:««»U liIBEtt©«SE*fT*o;fc« 
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